The southern root-knot nematode (RKN), Meloidogyne incognita (Kofoid and White) Chitwood, is a major pest of cotton (Gossypium hirsutum L.). A high level of resistance has been identified in eight germplasni lines; however, these lines are not as productive in yield as current cultivars. This study was conducted to determine the possibility of using F2 populations from crosses of these RKN resistant germplasm lines with five current cultivars as a means of combining RKN resistance with high yield potential. Two F2 populations were evaluated for their level of nematode resistance. Resistance in these F2 populations was greater than the cultivar parents but less than the RKN resistant germplasm parents. The resistance level of the F2 population, however, was nearer the germplasm parent than the cultivar parent, indicating that the F2 hybrids possess a useful level of resistance. Yield and fiber properties among the F 2 hybrids indicated that by careful selection of parents, F2 populations that were equal in yield and fiber quality to the best of the cultivar parents could he produced. Results of this study indicate that F 2 populations may provide a rapid way to combine high levels of RKN resistance with the higher yield and superior fiber properties of current cultivars.
The use of resistant cultivars would be the most economical and practical means of controlling RKN on cotton. The use of resistant cultivars would result in increased profits by reducing yield losses, and reducing the amount of chemicals needed for control. Although, breeding for RKN resistance in plants dates back almost 80 yr (Fassuliotis, 1982) , there are currently no cotton cultivars with a high level of nematode resistance (Jenkins et al., 1993) . Moderate levels of resistance are reported in 'NEMX' (Oakley, 1995) and 'LA 887' (Jones et al., 1991) . The development of Auburn 623 RNR (Aub 623 RNR) was a major breakthrough for cotton breeders (Shepherd, 1983) . This germplasm line provided the first high level of RKN resistance in agronomically advanced cotton. A greenhouse study showed that Aub 623 RNR had approximately one-eighth as many eggs 40 d after inoculation as was applied in the initial inoculum (Shepherd, 1986) . The resistance genes in Aub 623 RNR have been incorporated into elite breeding lines having different backgrounds (Shepherd et al., 1989 (Shepherd et al., , 1996 . These lines are highly resistant to RKN, but are not equal in yield to current cultivars.
The use of F 1 hybrids would be a rapid means of combining the RKN resistance of the breeding lines with the high yield potential of current cultivars. A major limitation to the use of F1 hybrid seed in cotton, however, is the high cost of seed production.
Research has shown that F2 hybrids can yield competitively with commercial, pure-line cultivars (Tang et al., 1992 (Tang et al., , 1993 Olvey, 1986) . Olvey (1986) reported that out of 39 F2 hybrids, 24 yielded more than either of their parents. In another study, F2 hybrids of 'DES 119' X 'Delcot 344' and DES 119 X 'Coker 81-613' yielded 8% more than-the average of DES 119 and 'DPL 50' (Meredith, 1990) . The use of F 2 populations from crosses between RKN resistant germplasm and high yielding cultivars may combine RKN resistance with good agronomic properties. Yield potential and fiber qualities of a successful F2 population should equal or exceed that of current cultivars. If they also maintain a useful level of RKN resistance, these F 2 populations could be more profitable to grow.
The objectives of this study were to determine if F2 populations developed from crosses among eight RKN resistant germplasm lines and five cultivars were competitive in yield and fiber quality with their respective parents and also provide useful levels of RKN resistance. If so, F2s would provide a useful way to quickly utililze the nematode resistant germplasm.
Abbreviations: RKN, root-knot nematode.
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MATERIALS AND METHODS
A North Carolina Design II mating design was used for this experiment. Five cultivars served as the female parents: DES 119, DPL 50, Coker 315 (C 315), Stoneville 453 (ST 453), and LA 887. The cultivar LA 887 possesses a moderate level of RKN resistance. The other four cultivars allow significantly more nematode egg production than LA 887, but less than M8, a highly susceptible line (Jenkins et al., 1993) . The male parents were eight RKN resistant elite breeding lines: M240 RNR, M315 RNR, M725 RNR, M92 RNR, M120 RNR, M249 RNR, M272 RNR, and M331 RNR. These eight lines have the Aub 623 source of nematode resistance (Shepherd et al., 1989) . Nematode reproduction on germplasm lines with this source of resistance is generally about 2500 eggs 40 d after inoculation compared to 111 000 eggs on LA 887, and 200 000 on M8. The eight RKN resistant lines were crossed with each of the five cultivars in 1991 to produce 40 F 2 populations. The F1 plants were grown and self-pollinated at the winter breeding nursery in Tecoman, Mexico.
Greenhouse Experiment
F2 populations were evaluated under greenhouse conditions. The methods used in the greenhouse experiments were modifications of those described by Shepherd (1979) . Each test was planted with M8 which served as a susceptible control. To determine the level of RKN resistance in the F 2 populations, two F2 populations were chosen as representative samples and evaluated them along with the parents for two of the selected crosses in greenhouse tests. The parents were planted in a randomized complete block design with four replications. We grew 851 plants of the F2 population DES 119 X M240 RNR and 524 plants of the F2 population LA 887 X M240 RNR. Pots, 8.9-cm diam. by 7.6-cm depth, were filled with methyl bromide-fumigated Wickham sandy loam soil (fine, loamy, mixed thermic Typic Hapludult). Soil in each pot was infested with RKN by pipetting a 2-mL volume of water that contained approximately 5000 RKN eggs into a 2-cm' hole in the center of each pot. The hole was filled with sand and the pots were covered for 7 d with a layer of plastic, brown paper, and aluminum foil to allow eggs to hatch. After 7 d, the covering was removed and F2 population seed were planted. The covering was replaced for three additional days while the seed germinated. Forty days after planting, the plants were excised approximately 5 cm above the soil line. Roots were washed with a high volume-low pressure spray of water to remove the soil adhering to the roots. Entire root systems were stained with phloxine B to aid in egg-mass counts (Daykin and Hussey, 1985) . The F2 populations were divided into four classes based on egg-mass counts. The classes were 0 to 16 egg-masses (highly resistant), 17 to 61 egg-masses (moderately resistant), 62 to 180 egg-masses (moderately susceptible), and >180 egg-masses (highly susceptible).
The number of RKN eggs produced on each line was also enumerated. All the plants in an entry (five pots in a row) were extracted for eggs as one sample and the number of eggs was expressed on a per plant basis. To collect the eggs, the roots from each entry were placed in a 0.47-L wide-mouth plastic container. A 10.5 mL L NaOCl solution was added, covering the roots, and the container was placed in a mechanical shaker for 4 mm. The NaOCI solution dissolves the egg mass and releases the eggs. The solution was then poured into a No. 200 sieve screen nested on a No. 500 sieve screen. Eggs, collected from the No. 500 sieve, were placed into a known volume of water and the number of eggs was estimated by serial dilution and counting under lOx magnification.
Fusarium Wilt-RKN Nursery Observation
Selected F2 populations and parents were entered in the National Fusarium Wilt-Root-Knot Nematode Nursery at Tallassee, AL. This nursery is highly infested with root-knot nematodes and Fusarium wilt propagules. Experimental design was a randomized complete block with four replications. Plots were single rows 9 m long by 1 m wide. Plots were planted on May 7 and initial plant counts were made on June 2. Wilted plants were counted and removed on June 25, July 9, July 27, and, along with live plants, August 24. Percent wilt was then determined. Results from the lines grown in this nursery provide a good indication of how well the lines should perform in field situations where RKN and/or Fusarium wilt are present.
Field Experiments
In 1992, the 40 F2 populations and 13 parental lines were planted on two soil types at Mississippi State, MS. Location one soil type was a Leeper silty clay loam (fine-loamy, silicious, thermic Vertic Haplaquepts) and Location two was a Marietta sandy clay loam (fine-loamy, siliceous, thermic Fluvaquentic Eutrochrept). Experimental design at each location was a randomized complete block with six replications. Plots were single rows 13 m long by 1 m wide. The planting date was 5 May 1992 for both locations and harvest dates were 13 October and 14 October, respectively. Plots received 55 kg ha' N and 224 kg ha K2 O preplant in April and a sidedress of 84 kg ha' N in June.
Fiber quality parameters were determined from a handpicked. 50 boll sample from each plot prior to machine harvest. Samples were weighed and ginned on a 10-saw laboratory gin to determine lint percentage and boll weight. The fiber samples were sent to STARLAB Inc. (Knoxville, TN) for fiber analysis. Whole plot yields were determined by machine harvesting.
RESULTS AND DISCUSSION
Greenhouse Experiment The commercial cotton parents were all susceptible to the southern root-knot nematode. C 315 had the highest number of egg-masses and eggs per plant, 273 and 169 711, respectively (Table 1 ). The cultivar LA 887 was the most resistant of the cultivar parents with 97 susceptible class, and 13% in the highly susceptible class egg masses and 66700 eggs per plant. The resistant (Fig. 1) . All M240 RNR plants, the resistant parent, germplasm lines all had <10 egg-masses and <3500
were highly resistant whereas the susceptible, commereggs.
cial-type parent, DES 119, were either moderately or The two representative F2 populations evaluated for highly susceptible. The susceptible check, M8, was ap-RKN resistance had significantly fewer RKN egg masses proximately 95% highly susceptible, having at least 180 than the cultivars. The F2, DES 119 x M240 RNR had egg-masses per plant. The F2, DES 119 x M240 RNR, 11% of the population in the highly resistant class, 33%
showed a level of resistance similar to that expressed in the moderately resistant class, 42% in the moderately by LA 887 (Fig. 2) . Number of Egg Masses The F2, LA 887 X M240 RNR, had 62% of the population classed as highly resistant, 34% moderately susceptible, and only 4% of the plants moderately susceptible (Fig. 2) . Thirty-three percent of the LA 887 plants were in the highly to moderately resistant classes and 67% in the moderately susceptible class. These results indicate that LA 887 possesses genes conferring a moderate level of resistance. The F2, LA 887 X M240 RNR, was more resistant to RKN than the F2, DES 119 x M240 RNR.
Both of the F2 populations were more resistant than the cultivar parents and less resistant than the RKN resistant germplasm parent, M240 RNR. Since all the RKN resistant germplasm lines are assumed to possess the same genes for resistance, it would seem that the resistance expressed by the F 2 hybrids, DES 119 X M240 RNR and LA 887 X M240 RNR should be representative of the other F2 populations. Thus, F2 populations developed from crosses of commercial cultivars with RKN resistant strains should offer a substantial level of RKN resistance.
Fusarium Wilt-RKN Nursery Observation
Five cultivars, five RKN resistant germplasm lines, and five F2 populations (one with each cuitivar parent) were grown in the National Fusarium Wilt-Root-knot Nematode Nursery at Tallassee, AL. The RKN resistant germplasm lines had <30% wilted plants (Table 2) . M249 RNR showed the lowest amount of wilted plants with 14% and two F2 hybrids were not significantly different from M249 RNR. Cultivar wilt symptoms ranged from 41 to 80%. Among cultivars, LA 887 had the fewest wilted plants, 41%. The average percent wilt for the five F2 populations ranged from 33 to 50%. The F2 populations had approximately the same level of Fusarium wilt/RKN field resistance as LA 887 but were more resistant than the other four cultivar parents. The cultivar LA 887 was released as having resistance to the RKN-Fusarium wilt complex (Jones et al., 1991) . The five F2 populations performed similarly with those 
Field Experiments
Lint percent for the parents ranged from 33.5 to 39.5 and from 34.9 to 38.9 for the F 2 populations (Table 3 ). All F2 populations were significantly lower in lint percent than ST 453, the highest lint percent cultivar. Thirteen F2 populations were not significantly different from DES 119, while 25 F2 hybrids were significantly higher than DPL 50, the lowest lint percent cultivar. Four were not significantly different from either LA 887 or C 315.
Boll weights among the F 2 populations ranged from 4.5 to 5.7 g which was similar to the cultivars. LA 887 produced the heaviest bolls among the cultivars and hybrids developed with LA 887 generally produced boils equal in weight to LA 887.
Lint yield among cultivars ranged from 920 to 1107 kg ha -' and from 576 to 886 kg ha' among the RKN germplasm parents. Lint yield of the F 2 populations ranged from 805 kg ha' to 1062 kg ha -1 . Nine F2 populations were not significantly different than the highest yielding cultivar, ST 453. Four of the five F2 populations with M240 RNR produced over 1000 kg ha -1 with the fifth producing 967 kg ha'. C 315 had the lowest yield among cultivar parents and all of the F2 populations from crosses with this cultivar were not significantly different in yield from the cultivar parent. The highest yielding F2 population was ST 453 X M315 RNR and 19 other F2 populations were equal in yield to this population. Results show that several of the F 2 hybrids produced acceptable yields when compared with the parent cultivars evaluated in this test.
LA 887 had the highest fiber strength and DPL 50 had the weakest. Mean strength of the RKN germplasm parents was higher than the cultivar parents; therefore, these germplasm lines would be expected to contribute fiber strength in F2 populations. However, there were five of the F2 populations that were significantly weaker than the high parent. Thirty two of the F2 populations were not different in strength from the high parent and three F2 populations (C 315 X M120 RNR, LA 887 X M120 RNR, and DPL 50 X M725 RNR) had greater strength than the strongest cultivar parents, C 315 and LA 887. Fiber strength was greater than the mid-parent in 60% of the F2 populations.
Micronaire for the F2 hybrids ranged from 3.4 to 4.4. While the cultivars ranged from 3.8 to 4.3. All of the F2 combinations with M249 RNR and M272 RNR as a parent were not significantly different than the highest micronaire cultivars and over 80% of the F 2 populations were not different from the high micronaire cultivars. The 2.5% span length of fibers from parents ranged from 26.4 to 30.0 mm. The F2 populations ranged from 27.6 to 29.6 mm. The F 2 of DPL 50 X M725 RNR had fiber significantly longer than all lines except C 315. Five of the F2 populations had 2.5% span length greater than the high parent for fiber length. F2 populations developed with M725 RNR had longer fibers than parent M725 RNR.
Fiber elongation among F 2 populations ranged from 7.9% to 9.2% (Table 3 ). The F 2 populations produced with DPL 50 and DES 119 had the greatest elongation with 12 of 16 populations having greater elongation than the mid-parent. There were no F 2 populations with greater elongation than their high parent, although 13% of the F2 populations had a greater elongation than the cultivars. DPL 50 and DES 119 had the greatest elongation of the cultivars.
These results indicate that F2 populations can be produced which combine RKN resistance with acceptable yield and fiber quality. High yielding F2 populations were identified from the crosses. The two F 2 populations evaluated were more resistant than the cultivars and less resistant than the RKN germplasm parents. The use of F2 populations could provide a rapid breeding technique to combine RKN resistance of these elite germplasm lines with the better agronomic and fiber properties of current cultivars.
